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Introduction
Observations of ultra-high-energy-cosmic-rays (UHECRs') by extensive air showers can be interpreted on the basis of the correct modeling of hadron interactions at very high energies. Recent Large Hadron collider (LHC) experiments have provided useful data on hadron interactions at the collision energy of 10 17 eV in the laboratory frame. Some parameters in the hadronic interactions of cosmic rays, such as inelastic cross sections, secondary particle spectra, inelasticity, primarily influence the development of air showers. The secondary particle spectra at the very forward region is an important for understanding air shower development, while there is not much data available from experiments at such high energies. The Large Hadron Collider forward (LHCf) experiment is dedicated to measure the production of neutral particles at the very forward region of the LHC interaction point IP1. The two detectors, Arm1 and Arm2, consist of a pair of compact electromagnetic sampling calorimeters. Each sampling calorimeter has 16 layers of plastic scinitillators interleaved with tungsten plates of 2 radiation lengths. There are four layers of position sensitive detectors made with 1mm square plastic scintillating fibers (Arm1) or Si strip detectors (Arm2) inserted in order to reconstruct the position of the incident particles. Consequently, rapidity or transverse momentum of the incident particles or invariant mass of two incident particles can be reconstructed. The detailed and typical performance of the detectors can be obtaeind from previous studies [1, 2, 3, 4] . They are installed in the instrumentation slot of the Target Absorber Neutral (TAN), 140 m on either side of IP1 (Fig 1) . Here is a location of transition of a single beam pipe to two beam pipes. All the charged particles are swept out by the separation magnet (D1), and only neutral particles emitted in the pseudorapidity range, 8.6 < η < ∞ can be detected. This unique location is suitable to study the particle energy spectra at the very forward region for understanding air showers. Until now LHCf experiment published data measurement for p-p collision at √ s = 0.9 TeV, 2.76 TeV and 7 TeV as well as for p-Pb collisions at √ s NN = 5.02 TeV/n. These data have been compared with various existing cosmic ray interaction models such as SYBILL [5] , QGSJETII [6] , DPMJET3 [7] , EPOS [8] and PYTHIA [9] . In June 2015, we successfully obtained the LHCf experimental data for p-p collision data at 13 TeV. The detail of the present study on LHCf experiment along with the first look of 13 TeV data is presented in this paper. In addition future prospects will also be discussed.
Current results from LHCf
The measurements of energy spectra for single gamma rays at 7 TeV [10] and 0.9 TeV [11] PoS(ICRC2015)259
Status of the LHCf experiment
Yoshitaka Itow for the LHCf collaboration p-p collisions have been reported. In this study, single gamma rays are dominantly generated from π 0 decays produced in the very forward region. Figure 2 shows gamma ray energy spectra for 7 TeV p-p (left) and 0.9 TeV p-p (right). As shown in Fig. 2 (left), the energy spectra obtained by DPMJET or PYTHIA (with default parameters) show harder than that of data. The spectra for QGSJET II , EPOS and SYBILL show the shape as similar as that of the data, while the production yields for SYBILL is almost a half of the data. This tendency would be mostly similar for the 0.9 TeV data. Although none of them could completely reproduce the data, the experimental data are well bracketed by the expected spectra obtained by these models. This implies the systematic errors in the air shower measurement estimated for the difference between different interaction models should be appropriate. The LHCf detector can efficiently discriminate between electromagnetic and hadronic showers on the basis of the longitudinal profile of showers. Hadronic showers discriminated from gammaray events have been also reconstructed to measure the very forward neutron energy spectra. Since the LHCf detector does not have sufficient hadronic interaction length λ = 1.6, the energy resolution for hadronic showers is relatively worse (∼40 %) . Nevertheless the energy spectra for the hadronic showers have been reconstructed using the spectrum unfolding method based on the calibration of the detector response for hadronic showers at CERN-SPS [12] . Figure 3 shows the energy spectra in the two pseudorapidity bins, η > 10.76 and 8.99 < η < 9.22, along with those predicticted by the five different interaction models [13] . Table 1 shows the ratio of neutron yields to gammas yields integrated over all energy bins for each pseudorapidity bin. The data shows the maximum neutron yields relative to the gamma yields by comparing the results obtained for the five interaction models. In the most forward pseudorapidity region ( η > 10.76 ), the data show the maximum neutron yield with a possible bumpy structure at the higher X F region. As shown in Fig. 3 , some of the other models may show a similar X F shape, but they generally produce smaller neutron yields except for QGSJET II-03. QGSJET II-03 shows characteristic increase at the higher X F and gives the maximum neutron yield relative to that of gamma rays, as shown in Table 1 . On the other hand, the spectrum in the smaller pseudorapidity region ( 8.99 < η < 9.22 ) is well reproduced by
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Yoshitaka Itow for the LHCf collaboration Table 1 : The ratio of neutron yields to gamma yields in the pseudorapidity regions η > 10.76 (left) and 8.99 < η < 9.22 (right) for data and those predicted by five different interaction models [13] .
DPMJET 3.04. PYTHIA also shows a relatively better agreement. These features indicate that the neutron production at zero degree may require a mechanism that is not considered in the existing interaction models ( except QGSJET II, likely ).
The transverse momentum of neutral pions in the very forward region has been measured for p-p collisions at √ s = 630 GeV [14] . The measurements of p-p collision at √ s = 7 TeV in the LHCf has also been reported [15] . Here, the transverse momentum distributions are measured for six different rapidity bins, 8.9 < y < 11.0. None of the models perfectly reproduces the data distribution, while EPOS 1.99 gives a better agreement than other models. The result also shows that the data are well bracketed by the models, showing the similar conclusion as the single gamma ray samples.
The transverse momentum of neutral pions in six rapidity bins, −11.0 < y lab < −8.9, has been measured for p-Pb collisions at √ s NN = 5.02 TeV [16] . They were compared with the transverse momentum distributions obtained for p-p collisions at the equivalent √ s deduced from the interpolation of two data samples measured at √ s = 2.76 TeV and 7 TeV. The nuclear modification factor
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where ⟨N bin ⟩ is the averaged number of binary collisions in a p-Pb collision, which is assumed to be 6.9 ± 0.7, as deduced from the Glauber theory. Figure 4 shows the π 0 transverse momentum distributions for p-Pb collisions at √ s NN = 5.02 TeV/n in the two rapidity bins −9.0 > y lab > −9.2 and −9.6 > y lab > −10.0. In addition, the expected π 0 transverse momentum distributions are also shown for p-p collisions at √ s = 5.02 TeV as a denominator to calculate R pPb . The ratio R pPb for the same rapidity bins is shown in Fig 5. The values of R pPb are about 0.1 − 0.3 in the p T range below 0.6 GeV/c, which is almost consistent with the prediction of the interaction models QGSJET II-03, DPMJET3, and EPOS. Therefore, these cosmic ray interaction models almost correctly describe nuclear modification in the very forward region.
Reconstruction of π 0 is applied for an event where each gamma ray from a π 0 decay reaches a respective calorimeter tower in the detector ( type-I ). In this case, the acceptance for higher energy of π 0 is limited, as shown in Fig 6. Currently, a new "type-II" reconstruction method is being developed for an event where two gamma rays reach a single calorimeter tower [17] . The clear invariant mass peak can be reconstructed even in the type-II π 0 events. Combing the two types of π 0 events maximized the kinematical acceptance for π 0 and the spectra could be obtained using the full phase space.
Status of 13 TeV p-p run
Since March 2015, LHC has started its operation with double beam energy than that used prior to the long shutdown. The LHCf experiment revisits the experimental site to obtain the p-p collisions data at √ s = 13 TeV in the very forward region, as we originally proposed. For this operation
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Status of the LHCf experiment Yoshitaka Itow for the LHCf collaboration we have upgraded the detectors and triggers and is discussed in detail in the following points. First, we have replaced all the plastic scintillator components by radiation-hard crystal scintillator GSO. GSO is an excellent scintillator because of several advantageous feature, such as fast decay time, large light yields and high radiation tolerance. We have developed very thin GSO plates and a hodoscope consisting of 1 mm square GSO bars. We have also replaced the acrylic light guide for scintillator layers by the one made with quartz. The basic performances, such as light yields or cross talk and radiation tolerance, have been studied using heavy ion beams at HIMAC [18] . Second, we have improved the trigger latency in order to cope with common data taking with AT-LAS. In 2013, the pilot operation of the common data taking mode was successfully implemented for p-Pb run. During the period, tagging diffractive events by using central information obtained using the ATLAS central detector is planned. Figure 7 shows the expected energy distributions for gamma ray ( left ) and neutron ( right ) at LHCf simulated by PYTHIA. The two components for diffractive and non-diffractive events are shown seprately. Here N trk is the number of tracks with p T >100 MeV/c in the rage |η| < 2.5 detected in the ATLAS central tracker. We can efficiently tag non-diffractive events by requiring N trk ≥ 2. The purple histograms in Fig. 7 show the events selected by diffractive tagging by using the above mentioned criteria. Using these criteria, the diffractive events can be selected with almost 50 % efficiency where a few percentage is contaminated by the non-diffractive interactions. Using the data, we can study diffractive and non-diffractive components individually.
In Dec 2014, the LHCf detector was installed again in the TAN and commissioning began. In the 2nd week of Jun 2015, a special low luminosity run was dedicated for LHCf data measurement. In total 34 hours of beam fills, almost 40 M single showers and 5 M π 0 were obtained. The detector was dismantled from the TAN during the first technical stop in the 3rd week of June. On evaluating the measured data, peaks of π 0 and η were clearly observed. The detailed analysis of the data measured for the 13 TeV p-p collision is in progress.
Status of the LHCf experiment
Yoshitaka Itow for the LHCf collaboration
Future prospects
The LHCf experiment has successfully completed the first proposed program. Besides the ongoing data analysis of obtaining collision data, we plan to have another opportunity to measure data from the two contexts discussed as follows. The first is to understand collision energy dependence and to test the Feynman X F scaling violation. This will be achieved by studying of LHC p-p collision data at different energies, √ s = 0.9, 2.76, 7 and 13 TeV, while the p T acceptance changes according to the collision energy. Relativistic Heavy Ion Collider (RHIC) also has a similar zero degree detector location as LHC, and can provide ( even polarized ) p-p collisions at √ s = 500 GeV with similar p T coverage as LHC because of much closer distance from IP. Measurement of data with one of the LHCf detectors for 500 GeV p-p collision is planed in 2017 at RHIC and is currently under discussion. Ultimately Future Circular Collider with proton beam option will serve an interesting opportunity to measure the data at 5 × 10 18 eV for cosmic rays. The second point is to understand nuclear effect of cosmic ray interactions in air showers. Currently the p-Pb collision data is available, while it is interesting to study proton-nitrogen or iron-nitrogen collisions at the high energy colliders. RHIC would provide possible proton-light ion collision data, such p-C or p-Al. In addition it is technically feasible to have possible proton -oxygen collisions at LHC. In the future, data measurements such as LHCf in the very forward region are essential to explore the cosmic ray interactions at ultra high energies.
